Abstract: Assess the impact of R-R interval on LV systolic synchrony using simultaneous electrocardiographic (ECG) and real-time three dimensional echocardiography (RT3DE) in a defined population with coronary artery disease (CAD). 277 patients underwent coronary angiography (CAG), ECG and RT3DE. R-R internal was quantified by simultaneous ECG. Time to peak systolic longitudinal strain (Tssl) on 17 LV segment were quantified by four-dimensional (4D) speckle tracking echocardiography (STE) and manual measured. The R-R interval of 277 subjects ranged from 363.13 ms to 1425.00 ms, with a median of 849.49 ms (quartile range, 764.00-961.32 ms). Spearman correlation analyses indicated that R-R interval was positively associated with Tssl-Basal-A. With the independent predictors of R-R interval utilizing multiple regression analysis, Tssl -Apical-S (β=0.325, p=0.000), Smoking status (β=0.141, p=0.013), and Tssl-Basal-AL (β=0.151, p=0.014) were independently associated with the R-R interval. Univariate logistic regression for the presence of higher R-R internal (the median 849.49 ms was set the cutoff value) were indicated that the risk for the presence of higher R-R internal (odds ratio (OR), 1.009; 95% confidence interval (CI), 1.002-1.017, p=0.009). In multiple regression analyses, smoking status (OR, 1.943; 95% CI, 1.119-3.375, p=0.018), Tssl -Basal-AL (OR, 1.002; 95% CI, 1.000-1.004, p=0.043), Tssl -Mid-IS (OR, 1.008; 95% CI, 1.003-1.013, p=0.004), and Tssl -Apical-S (OR, 1.010; 95% CI, 1.004-1.016, p=0.002) remained independently associated with the risk of higher R-R internal in the population. Tssl on 17 LV segment are associated with the relationship between R-R interval and left ventricular systolic synchrony.
Introduction
Left ventricular (LV) systolic synchrony is defined as simultaneous and coordinated activation of certain ventricular segments. Dyssynchrony is defined as impairment of LV systolic synchrony or reduced systolic function and myocardial perfusion, may lead to reduced exercise capacity, prognosis, and quality of life (1, 2) . Coronary artery disease is the major cause of morbidity and mortality around the world (3) . Although LV mechanical dyssynchrony was less prevalent than those with depressed ejection fraction (EF), LV mechanical dyssynchrony is evident in CAD patients with preserved EF (4) . Recently, RT3DE has been demonstrated to provide an accurate and reproducible quantification of LV systolic synchrony, and as a RT3DE-derived parameter, Time to peak systolic longitudinal strain (Tssl) has been demonstrated to be a powerful predictor for LV systolic dyssynchrony (5, 6) . To the best of our knowledge, the impact of R-R interval on LV systolic synchrony has not been elucidated. Nevertheless, a rare report was found indicating a relationship between R-R interval and Left ventricular systolic synchrony in subjects with coronary artery disease estimated by angiography. Thus, the objectives of the current study was to investigate the impact of R-R interval on LV systolic synchrony using simultaneous ECG and 4D STE in a carefully defined population with CAD.
with frame rates of 50 to 70 frames/second. Image acquisition occurred during four cardiac cycles to ensure optimal temporal and spatial resolution at a frame rate set to ≥40% of the heart rate (7), which can be manually adjusted from the machine settings to ensure the correct frame rate. Multibeat image acquisition was performed while the patient's breath was held to eliminate breathing-related motion artifacts. Careful attention was paid to adjust the sector width and depth to include the entire LV myocardium, including the epicardial surface, within the pyramidal scan volume. All data were stored on hard disk, and the images with source formatting were copied to the workstation for offline analysis.
LV systolic synchrony
We used the EchoPAC BT112 software (GE Vingmed Ultrasound AS). First, R-R internal was calculated using simultaneous ECG. Then the operator selected the RT3DE picture while can be obtained the volume frame of picture, clicking the 4D speckle-tracking software by turns, The curve picture of time to peak systolic longitudinal strain (Tssl) of 17 segment and 17 segment null eye picture of longitudinal strain were automaticiy obtained (8, 9) . We received the strain frame frequency through moving Redline from ES to ED. According to the formula which is Tssl =1000÷volume frame of picture×strain frame frequency, the computer automatic account the Tssl of 17 LV segments ( Figure 1) .
We calculated the Tssl from standard 17 LV segments (six basal, six middle, and five apical segments) according to American Heart Association and American Society of Echocardiography segmentation schema (10) .Tssl in each segment was identified. Therefore, the RT3DE of LV systolic synchrony parameter in the present study were as following: 1. Time to peak systolic longitudinal strain (Tssl) in basal-anterior (Basal-A) segment (Tssl-Basal-A); 2. Time to peak systolic longitudinal strain (Tssl) in basal-anteroseptal (Basal-AS) segment (Tssl-Basal-AS); 3. Time to peak systolic longitudinal strain (Tssl) in basal-inferoseptal (Basal-IS) segment (Tssl-Basal-IS); 4. Time to peak systolic longitudinal strain (Tssl) in basal-inferior (Basal-I) segment (Tssl-Basal-I); 5. Time to peak systolic longitudinal strain (Tssl) in basal-inferolateral (Basal-IL) segment (Tssl-Basal-IL); 6. Time to peak systolic longitudinal strain (Tssl) in basal-anterolateral (Basal-AL) segment (Tssl-Basal-AL); 7. Time to peak systolic longitudinal strain (Tssl) in mid-anterior (Mid-A) segment (Tssl-Mid-A); 8. Time to peak systolic longitudinal strain (Tssl) in mid-anteroseptal (Mid-AS) segment (Tssl-Mid-AS); 9. Time to peak systolic longitudinal strain (Tssl) in mid-inferoseptal (Mid-IS) segment (TsslMid-IS); 10. Time to peak systolic longitudinal strain (Tssl) in mid-inferior (Mid-I) segment (Tssl-Mid-I); 11. Time to peak systolic longitudinal strain (Tssl) in mid-inferolateral (Mid-IL) segment (Tssl-Mid-IL); 12. Time to peak systolic longitudinal strain (Tssl) in mid-anterolateral (Mid-AL) segment (Tssl-Mid-AL); 13. Time to peak systolic longitudinal strain (Tssl) in apical-anterior (Apical-A) segment (Tssl-Apical-A); 14. Time to peak systolic longitudinal strain (Tssl) in apical-septal (Apical-S) segment (Tssl-Apical-S); 15. Time to peak systolic longitudinal strain (Tssl) in apical-inferior (Apical-I) segment (Tssl -Apical-I); 16. Time to peak systolic longitudinal strain
Observer reliability of our study employing 4D STE was assessed by independent, blinded observers. Tssl values could not be calculated if more than 3 strain segments were suboptimal.
Coronary Angiography
Coronary angiography was conducted by the Judkins technique (11), and coronary angiography was performed from several projections one minute after the direct intracoronary injection of isosorbide dinitrate (ISDN; 2.5 mg/ 5ml solution over 20 s). Significant CAD was diagnosed if there was a 50% diameter stenosis in at least one major epicardial coronary artery or main tributary (12, 13) . Coronary atherosclerosis severity was defined using the Gensini scoring system. The Gensini score was computed by assigning a severity score to area of each coronary stenosis according to the degree of luminal narrowing and the lesion's geographic importance (14) .
Laboratory measurements
The total cholesterol (TCH, mmol/L), triglyceride (TG, mmol/L), fasting blood glucose (FBG, mmol/L), fasting high-density lipoprotein cholesterol (HDL-C, mmol/L), fasting low-density lipoprotein cholesterol (LDL-C, mmol/L) were determined by enzymatic procedures on an automated autoanalyzer (AU 2700 Olympus, 1st Chemical Ltd, Japan).
Cigarette smoking
Cigarette smoking was assessed using a standardized questionnaire. The subjects smoking status was classified as either "not smoking" or "smoking" (the latter group included both former and current smokers).
Statistical analysis
Data were statistically analyzed using Statistics Package for Social Sciences (ver. 16.0; SPSS Incorporated, Chicago, IL, USA). Subjects were classified into 4 groups according to quartile of R-R interval. Data of age, TCH, HDL-C, LDL-c and Tssl-Basal-A were normally distri- buted parameters and presented as mean ± SD and comparisons were analyzed by the One-Way ANOVA, whereas skewed data including TG, FBG, SBP, DBP, Tssl-Basal-AS, Tssl-Basal-IS, Tssl-Basal-I, Tssl-Basal-IL, Tssl-Basal-AL, Tssl-Mid-A, Tssl-Mid-AS, Tssl-Mid-IS, Tssl-Mid-I, Tssl-Mid-IL, Tssl-Mid-AL, Tssl-Apical-A, Tssl-Apical-S, Tssl-Apical-I, Tssl-Apical-L, Tssl-Apical and Gensini score were expressed as median and quartile ranges and comparisons were analyzed by the Kruskal-Wallis H test. Categorical variable of gender and smoking status were compared among the groups of patients by chi-squared analysis. The Spearman two-way test assessed the relationship between characteristics of the subjects and R-R interval, and we evaluated independent predictors of R-R interval utilizing multiple regression analyses. OR for the presence of higher R-R interval (the median of R-R interval was set as cutoff value) was determined by univariate and multivariate logistic regression. Logistic regressions are presented with 95% CI. Significance was identified if the null hypothesis could be rejected with >95% confidence. All p-values are two-tailed.
Results

Baseline characteristics of the subjects grouped according to the quartile of R-R interval
The baseline characteristics of the subjects grouped according to the quartile of R-R interval are presented in Table 1 . The R-R interval of the subjects in the present study ranged from 363.13 ms to 1425.00 ms, with a median of 849.49 ms (quartile range, 764.00-961.32 ms). Significant differences in Tssl-Basal-A (p=0.001), Tssl-Basal-AS (p=0.004), Tssl-Basal-IS (p=0.005), Tssl-Basal-I (p=0.007), Tssl-Basal-IL (p=0.003), TsslBasal-AL(p=0.000), Tssl-Mid-A (p=0.000), Tssl-Mid-AS (p=0.000), Tssl-Mid-IS (p=0.000), Tssl-Mid-I (p=0.000), HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; Tssl -Basal-A, the time to peak systolic longitudinal strain (Tssl) in basal-anterior (Basal-A) segment; Tssl -Basal-AS, the time to peak systolic longitudinal strain (Tssl) in basal-anteroseptal (Basal-AS) segment; Tssl -Basal-IS, the time to peak systolic longitudinal strain (Tssl) in basal-inferoseptal (Basal-IS) segment; Tssl -Basal-I, the time to Tssl-Mid-IL (p=0.000), Tssl-Mid-AL(p=0.001), Tssl-Apical-A (p=0.000), Tssl-Apical-S(p=0.000), Tssl-Apical-I (p=0.000), Tssl-Apical-L (p=0.000), Tssl-Apical (p=0.000) in level were observed among the various groups, and no significant differences were found among the groups regards as the distribution of age (p=0.545), sex (p=0.362), smoking status (p=0.129), TCH (p=0.488), TG (p=0.697), FBG (p=0.404), HDL-C (p=0.947) , LDL-C (p=0.799), SBP (p=0.325), DBP (p=0.409), and Gensini score (p=0.899). Table 2 shows the results of the Spearman correlations between R-R interval, age and clinical and biochemical characteristics. The Spearman correlation analyses indicated that R-R interval was positively associated with Tssl-Basal-A (r=0.268, I(r=0.380,p=0.000) ,Tssl-Apical-L(r=0.379,p=0.0-00),Tssl-Apical(r=0.339,p=0.000) respectively.
Variable
R-R interval (ms)
Statistical
Spearman correlations between R-R interval, age and clinical and biochemical characteristics
p i c a l -A ( r = 0 . 3 4 5 , p = 0 . 0 0 0 ) , T s s l -A p ic a l -S ( r = 0 . 4 4 9 , p = 0 . 0 0 0 ) , T s s l -A p i c a l -
Multiple linear regression analysis with R-R interval as dependent variable
To examine the independently associations between the R-R interval and LV systolic synchrony parameter, multiple linear regression analysis was performed. In this model, the R-R interval was employed as dependent variables and the independent variables including age, sex, smoking status, TCH, TG, FBG, HDL-C , LDL-C, SBP, DBP, Gensini score, and all 17 LV systolic synchrony parameters in the present study. In the final model (Table 3 , Figure 2-3 Table 3 . Predictor of R-R interval from multiple linear regression among subjects.
Abbrev same as previous table. 
The univariate logistic regression analysis of characteristics between the lower R-R internal and higher R-R internal groups
The results of univariate logistic regression for the presence of higher R-R internal (the median 849.49 ms was set the cutoff value) are shown in Table 4 . And, the results indicated that the risk for the presence of higher R-R internal increased 0.9% with the 1 ms increase of Tssl -Mid-IS (odds ratio (OR), 1.009; 95% confidence interval (CI), 1.002-1.017, p=0.009) in the present population in the study.
The multivariate logistic regression analysis of characteristics between the lower R-R internal and higher R-R internal groups A multivariate logistic regression (Forward: Conditional method) was used to identify the independent risk factors for higher R-R internal (the median 849.49 ms was set the cutoff value) in the present population. In the multivariate model in the study, we included the following variables: age, sex, smoking status, TCH, TG, FBG, HDL-C, LDL-C, SBP, DBP, Gensini score, and all 17 LV systolic synchrony parameters. Results are reported as adjusted OR and respective confidence intervals at 95% in Table 5 . In multiple regression analyses, smoking status (OR, 1.943; 95% CI, 1.119-3.375, p=0.018), Tssl-Basal-AL (OR, 1.002; 95% CI, 1.000-1.004, p=0.043), TsslMid-IS (OR, 1.008; 95% CI, 1.003-1.013, p=0.004) , and Tssl-Apical-S (OR, 1.010; 95% CI, 1.004-1.016, p=0.002) remained independently associated with the risk of higher R-R internal in the population.
Discussion
In this hospital-based cross-sectional study of adult Chinese CHD subjects, the main findings are as following: Table 5 . Multivariate logistic regression for the presence of higher R-R internal (the median 849.49ms was set the cutoff value). Table 4 . Univariate logistic regression for the presence of higher R-R internal (the median 849.49ms was set the cutoff value).
Abbrev same as previous table.
in the present study, the time to peak systolic longitudinal strain of 17 LV segment significantly positive associated with R-R internal respectively; the time to peak systolic longitudinal strain in apical-septal segment, Smoking status, and the time to peak systolic longitudinal strain in basal-anterolateral segment significantly independently associated with the R-R interval; smoking status, the time to peak systolic longitudinal strain in basal-anterolateral segment, the time to peak systolic longitudinal strain in mid-inferoseptal segment, and the time to peak systolic longitudinal strain in apical-septal segment remained independently associated with the risk of higher R-R internal in the population. To the best of our knowledge, this is the first study to focus on the relationship between R-R interval and left ventricular systolic synchrony.
The cardiac cycle is defined as a complete heartbeat from its generation to the beginning of the next beat, and so includes the diastole, the systole, and the intervening pause. The frequency of the cardiac cycle is described by the heart rate, and the time lasting of the cardiac cycle is described by the R-R interval. Each beat of the heart involves five major stages: early diastole, atrial systole, isovolumic contraction, ventricular ejection, and isovolumic relaxation time (15). Under normal circumstances, each cycle takes 0.8 seconds, systole phase takes 0.3 seconds and diastole phase takes 0.5 seconds (16) . The heart is a four-chambered organ consisting of right and left halves, and the role of the left ventricle is to pump newly oxygenated blood to the body through the aorta. According to American Heart Association Scientific Statement, the heart should be divided into 17 segments for assessment of the myocardium and the left ventricular cavity (10). The time to peak systolic longitudinal strain in (Tssl) of 17 LV segments has been paid much attention as LV systolic synchrony parameter recently (17) (18) (19) . As the resting heart rate predicts longevity and cardiovascular diseases, and current evidence suggests that it is also an important marker of outcome in cardiovascular disease, including coronary artery disease (20) . Therefore, it is necessary to explore the associated factors with R-R interval, the time indicator of the resting heart rate in subjects with coronary artery disease.
Tobacco smoking has been confirmed that associated with cardiovascu levels (21) . A study from India which recruited eighty eight healthy male volunteers w lar risk factors including higher resting heart rate, central obesity, and adverse serum lipid were in the age group of 18-30 years shows that the RR interval was shortened in the smokers as compared to those in the non smokers, which was highly significant statistically (22) . And, the results from the present study disagreed with the previous studies. The multiple linear regression analysis results indicated that the smoking significantly independently associated with the R-R interval, and the results from multivariate logistic regression identified that the smoking was independently risk factor for higher R-R interval, compared to non-smoker, the risk for smoker to suffer from the R-R interval more than 849.49ms (resting heart rate less than 71 beat per minute) increased 94.3%. The mechanism underlying the inconsistent is not clear, however, the results from the present study is convincing because the multivariate analysis were employed. Therefore, the results of the study may be used by physicians and society as a tool for persuading the smokers to stop smoking as early as possible.
Although the time to peak systolic longitudinal strain of 17 LV segment significantly positive associated with R-R internal respectively, only the time to peak systolic longitudinal strain in basal-anterolateral segment, the time to peak systolic longitudinal strain in apical-septal segment significantly independently associated with the R-R interval; and the time to peak systolic longitudinal strain in basal-anterolateral segment, the time to peak systolic longitudinal strain in mid-inferoseptal segment, and the time to peak systolic longitudinal strain in apical-septal segment remained independently associated with the risk of higher R-R internal in the population. There is not relative study have been reported previously. To the best of our knowledge, this is the first study to focus on the relationship between R-R interval and left ventricular systolic synchrony. However, the exact mechanism underlying the association was unknown. Previous study demonstrated that the excitatory waves initially reach the endocardial aspect of LV at three points simultaneously: (1) an area high on anterior paraseptal wall just below the mitral valve, (2) a central area in the left side of the interventricular septum, and (3) the posterior paraseptal area at approximately one third of the distance from the apex to the base (23) , and the study in seven isolated normal human hearts performed by Durrer and colleagues in the mid1970s maybe explain partial the results from the present study. Moreover, the results from the present study maybe shed light on the study of LV systolic synchrony and cardiac resynchronization therapy in the future.
Limitations
The present study must be interpreted within the context of its potential limitation: Firstly, the sample size was relatively small; Secondly, this study just investigate the relationship between the R-R interval and the time to peak systolic longitudinal strain in of 17 LV segments, but the mechanism that underlying the association was not discussed in this study; Thirdly, actually, the present study is a single center cross-sectional study. Therefore, a prospective multicenter large-sample study is necessary to be conduct in the future.
